Objective. The aim of this prospective study is to assess the effect of liposuction on the pain experienced by women with Dercum's disease (adiposis dolorosa).
Introduction
Dercum's disease (adiposis dolorosa) is characterized by pronounced pain in the adipose tissue and a number of associated symptoms. The diagnosis is based on clinical symptoms [1] . The pain is chronic (>3 months) and often disabling and resistant to analgesics such as paracetamol and dextroproxyphen [2, 3] . Other proposed treatments, for instance lignocain infusions, often have insufficient or merely temporary effect [2, 3] . However, five case reports [4] [5] [6] [7] [8] have been published on the encouraging effect of liposuction, showing that nine patients experienced a considerable subjective pain relief postoperatively with a follow-up between 1 and 2 years. None of the reported patients experienced any recurrence of pain within this time. To our knowledge, no long-term study concerning the effect of liposuction on patients with Dercum's disease has been performed on a larger population. The aim of this prospective study is to assess the long-term effects of liposuction on the pain experienced by women with Dercum's disease.
Patients and Methods

Patients and Controls
A total of 111 patients fulfilling the clinical criteria of Dercum's disease, that is obesity and chronic pain (>3 months) in the adipose tissue [9] , were referred consecutively to our clinic by the same consultant. Diagnosis was based on the medical history evaluated from a standardized questionnaire and a systematic physical examination on three separate visits. All the patients had general diffuse disease, that is, they did not have any lipomas. Indication for operation was pain in the adipose tissue. All referred patients were enrolled in the study. The first 53 refered patients were consecutively operated on with liposuction. This group was entitled "Dercum operated." The following 58 women with Dercum's disease were recruited as controls. This group was called "Dercum controls." The patients were given no restriction in traditional pain medication and no particular advice regarding lifestyle. No other treatment, such as lignocaine infusions or steroids, was commenced during the course of the study. In addition, 41 women, with no acute or chronic pain, that were to be operated on with abdominoplasty, were recruited as controls. This group was named "Abdominoplasty patients." The patient's profile is shown in Table 1 . There were no statistical differences between the groups as regards to age or body mass index (BMI).
Methods
Surgical Technique
Liposuction was performed under general anesthesia, epidural or spinal block. Neither local anesthetic nor epinephrine was injected locally, hence the "dry technique" was used. Painful areas such as the abdomen, flanks/ hips and gluteal regions, proximal thighs/legs and arms and the medial areas of the knees were operated on. Four-millimeter incisions were made and a bullet-shaped cannula, with two or three openings distally and an outer diameter of 5-6 mm, was used. A vacuum pump connected to the cannula gave rise to a negative atmospheric pressure of 0.9. All operations were performed by one of the authors (HB). All patients received anticoagulants, the great majority in the form of dextran, during surgery. Following liposuction, the treated areas were firmly compressed, by means of compression garments on the legs, elastic bandages on the arms, and an elastic corset on the torso, to achieve hemostasis and to prevent postoperative edema in the operated areas. Compression was maintained for at least 6 weeks. No symptomatic postoperative deep venous thrombosis was seen.
The aspirate was collected in 2,000 mL plastic containers graded to an accuracy of 20 mL. The aspirate was homogenized by vigorous shaking, and 2-3 samples of 50 mL each were centrifugated for 20 minutes at 3,000 rpm. Following centrifugation, the percentage of adipose tissue in the aspirate was measured. The fat weight was calculated using the known density of fat (0.9167 g/mL ª 0.92 g/cm 3 ) [10] . Ten of the patients were also subjected to abdominoplasty. The weight of the excised fat was added to the weight of the fat in the aspirate, thus giving the total weight of removed fat.
Weight and BMI
The patients' body weight was measured on the same scales. The weight was registered with an accuracy of 0.1 kg. BMI values were calculated as the ratio of the body mass in kilograms and the square of height in meters.
Subjective Pain Measurements
To evaluate the patients' subjective pain sensation a modified version of the Pain-O-Meter was used [11] . The method consists of a questionnaire comprising a visual analog scale (VAS) and number of words chosen (NWC). In combination, the two tools evaluate both the quality and the intensity of the pain sensation, as validated by GastonJohansson [11] . In addition, the operated patients were asked to indicate, ticking "yes" or "no" in a questionnaire, whether they thought that the liposuction had diminished their pain or not. All patients received careful instructions on how the VAS and NWC questionnaires should be filled out. The subjective pain sensation was only evaluated in the subjects with Dercum's disease. The questionnaires regarding VAS, NWC, and whether surgery had reduced their pain or not, when applicable, were answered preoperatively and after 3 months, and 1, 2, 3, and 5 years postoperatively.
VAS is widely used as an easy, reliable, and sensitive means with which to evaluate patients' subjective evaluation of the outcome of various treatments in clinical studies, particularly on pain [12] . The scale used was a straight line (10 cm) on which the patient made a mark corresponding to her appraisal of pain [12] .
The NWC questionnaire comprises a list of 12 sensory and 11 affective pain descriptors in a random order. NWC aims to evaluate the sensory and affective dimension of the pain experienced. The patients were shown a list of the words and asked to select and mark the words that described their pain. Each descriptor was then assigned a weighed value (range 1-5), giving a total pain intensity score, one for the sensory component of pain and one for the affective component. The weighed value is associated with the following words: 1 = mild, 2 = discomforting, 3 = distressing, 4 = horrible, and 5 = excruciating [13] . The patients could choose as many words as needed to describe their pain. The words used were based on Gaston-Johansson's validity and reliability research [11] on a translated, shortened, and modified version of the McGill Pain Questionnaire [13] . The Swedish short-form McGill Pain Questionnaire has been validated among different patient groups [14] . 
Objective Pain Measurements
During the initial course of the study, a device, an analog algometer, was constructed by the Department of Biomedical Engineering in our hospital. The algometer aimed at measuring the mechanical pressure pain threshold (PPT) in N/cm 2 . The PPT was determined in the last 28 Dercum patients that were operated on and in all women in the two control groups.
The PPT was measured on the right and the left side of the abdomen and on the knees bilaterally. In order to locate the measure points at follow-up, photos were taken of the subjects with the measuring points marked, indicating distances (cm) to well-known fixed anatomical landmarks. Measurements were performed on folds containing skin and adipose tissue, thus underlying muscle tissue was not involved. The patients were instructed to press a button, giving a light indication to the investigator, when the pain became unbearable. The readout on the algometer was locked and then noted. Care was taken to always use the same rate of pressure application. The diameter of the probe was 14 mm. The same investigator performed all measurements. Three measurements where obtained on each measuring point, and the mean was calculated and used as the observation value. The same procedure was done preoperatively and then repeated after 3 months, and after 1, 2, 3, and 5 years.
Validation of the Algometer
The algometer was repeatedly tested with known weights during the trial and showed no drift. To evaluate the testretest reliability, three measuring procedures were performed by one investigator on three consecutive days in 27 Dercum patients. Mean differences of the pressure with 95% limits of agreements (prediction limits for differences between individual measurements) and 95% confidence interval to the limits of agreement were calculated between days (1, 2, and 3) for four different locations (abdomen left, abdomen right, knee left, and knee right). Bland-Altman plots were made to estimate whether difference and variance was constant across the range of measurements ( Figure 1 ) [15] .
Statistical Methods
Wilcoxon signed-ranks test was used to assess the difference between values preoperatively and at the different follow-up times within the groups. Mixed model analyses were used to test the difference between the groups. The residuals were normally distributed. The mixed models were performed on the repeated measures of the difference of pain scores from baseline as dependent variables; group, follow-up time, and their interaction as fixed factors, and subject as random factor. The mixed model analyses included age, BMI, and each dependent variable's preoperative value as covariates. AR [1] was chosen as covariance structure. The statistical tests were performed in SPSS 15.0 for Windows (SPSS Inc., Chicago, IL). We regarded a P < 0.05 as indicating a statistically significant difference.
Ethics
The study was approved by the Ethics of Human Investigation Committee at Lund University, LU 236-89 and LU 422-91. All participants gave their informed consent to participate. The procedures followed were in accordance with the Helsinki Declaration of 1964, as revised.
Results
The weight and BMI of the subjects during the trial are shown in Table 2 . The average amount of fat removed in the Dercum operated group was 3,749 Ϯ 2,325 g (mean Ϯ standard deviation [SD] , range: 580-10,430 g).
Validation of the Algometer
An overall assessment of the comparisons between days of pressure measurements shows that the directions of the mean differences vary between the locations but seem fairly close to zero. The limits of agreements of the differences were generally within the range of -10-10 N/cm 2 , which is considered to show acceptable accordance ( Table 3 ). The 95% confidence intervals for the limits of agreement of the data measured on consecutive days by the investigator confirm an acceptable accordance. Figure 1 shows a Bland-Altman plot of the measurements.
Pain Measurements
Results are shown in Tables 4-9 (Tables 8 and 9 , Figures 4 and 5) . The number of patients who thought the operation had decreased their pain was 80% 3 months postoperatively but had decreased to 45% after 5 years ( Figure 6 ).
Postoperatively, a statistically significant difference could be seen between the Dercum operated group and the Dercum controls. The difference diminished over time but still lingered 5 years postoperatively.
Discussion
Material
The strength of the present study is that the diagnosis of Dercum's disease was made by the same consultant and that the same surgeon operated all the patients. An inherent weakness of any long-term clinical study is that there always are missing values. However, even though the follow-up in this study was 5 years, the majority of the patients were still included in the study when it was concluded. Missing vales were due to that patients did not come to the scheduled appointments. The PPT has been determined in a smaller number of the patients as this method was first introduced when the 26th subject was operated on.
Methods
Measuring pain is a difficult task due to the subjective character of this entity; nonetheless, we chose a number of different pain assessments to evaluate the effect of liposuction in Dercum's disease.
As regards VAS, Bigatti and Cronan [16] have shown that it has a high correlation with other pain measurements and a high correlation with symptoms in syndromes that encompass pain such as fibromyalgia. However, other studies have indicated that patients with greater pain require a greater change in VAS to experience a clinically significant pain relief [17] .
As regards NWC, Perry et al. have concluded that it might be less valid for idiopathic chronic pain syndromes because this instrument is sensitive to psychological aspects and could give rise to a distorted perception of the pain [18] . On the other hand, Melzack has shown that changes in different psychological variables do not create variability in the word choices [13] . Furthermore, it has been suggested that NWC does not necessarily diminish with partial but not complete pain relief [13] .
As regards the PPT measurements, the validation demonstrated that there is no inter-day difference in our measurements. This is in accordance with a study conducted by Nussbaum and Downes [19] . They concluded that PPT measurements are reliable from day to day, particularly when performed by the same investigator, as in this case. There are several indicators that there may be an interinvestigator difference when PPT measurements are performed. In fact, we let a second investigator perform test measurements and a difference between the two investigators was seen. Furthermore, even though care was taken to always use the same rate of pressure application, our investigator was not timed, and therefore difference in rate applied and subsequent influence on the results cannot be excluded. Moreover, investigator expectancy and knowledge of measurements site characteristics could have caused measurement bias [20] . A strength of the present study is that all PPT measurements were performed by the same investigator.
Instrumental factors are also important. The PPT results are affected by the size of the probe, as the probe diameter determines in which tissue layer the PPT is measured. In fact, Takahashi et al. [21] have demonstrated that PPT measured with small probes (1.0 mm diameter) is affected by surface anesthetics, whereas large probes (1.6 and 15 mm diameters) are not. In other words, the skin nociceptors are suggested to play an insignificant role in the total pain measured when larger probes are used, as they probably measure the pain experienced in deeper tissues. Our probe had a diameter of 14 mm. Moreover, the pressure transmission is influenced by tissue properties such as thickness [21] . Therefore, we believe that in the investigated patients, with pronounced obesity, mainly adipose nociception was measured and not that of the skin.
Results
Postoperative sensory change after liposuction is a wellknown side effect. Different mechanisms have been suggested for the local sensitivity loss, even though the main theory concerns direct nerve trauma caused by the cannula. However, in a previous study, we have demonstrated that thermal and vibratory thresholds do not differ after liposuction in patients with Dercum's disease [22] . It is unlikely that direct nerve destruction alone explain the pain reduction seen in our patients following liposuction. Furthermore, the reduction in pain in Dercum's disease persisted longer than the sensibility loss normally persists after liposuction in healthy patients.
Both peripheral and central nervous etiologies have been proposed for the pain in Dercum's disease [23] . Our findings suggest that peripheral mechanism might play a major role. Specifically, the white adipose tissue is innervated by the sympathetic nervous system [24] . Dalziel [24] Baseline 28 has proposed that the sympathetic nervous system may cause the pain experienced in disorders of painful adipose tissue disease. The pain is thought to be generated by means of signals to the spinal cord from abnormal connections that have arisen between peripheral autonomic and sensory nerves [24] . Tentatively, liposuction avulses not only the sensory nerves but also these abnormal nerve connections. However, the fraction of nerves that is undamaged during liposuction reasonably also comprises a portion of the abnormal connections, and this might explain why the patients' pain is relieved but not completely eliminated after liposuction. Moreover, new abnormal connections might arise, which could explain why the patients in our study regain some of the pain a few years postoperatively. Furthermore, the mechanism could be supported by the fact that intravenous administration of lignocaine relieves the pain in patients with Dercum's disease temporarily [2, 3, 23, 25, 26] , as inhibition of abnor- mal nervous impulse circuits previously has been put forward as a plausible explanation for the effect of lignocaine [23] .
There is a considerable association between the effect of treatment and its outcome and patient expectations when chronic pain is treated [27, 28] . Furthermore, it has been shown that surgery can evoke a placebo response, including both subjective change and objective effect [29] . However, the magnitude and the duration of the placebo effect have varied considerably between different studies [30] . A review on the placebo theory made by Koshi and Short [30] found one study demonstrating a duration of the placebo response up to 1 year [31] and another up to 5 years [32] . Several studies have demonstrated that the placebo analgesic effect across all individuals is of the magnitude 2 out of 10 on a VAS [30] . Furthermore, the diminishing number of the subjects that thought the operation had decreased their pain ( Figure 6 ) can indicate that there could be a placebo response involved. Nonetheless, the marked effect of liposuction in our patients and the fact that the effect was stable over a long period could indicate that liposuction results in a true treatment effect. However, the mechanism by which liposuction diminishes the pain in Dercum's disease remains unclear. Figure 4 PPT for the knee. The PPTs are given as mean Ϯ SEM. Significances within the groups depicts difference in change over time from baseline and are shown adjacent to respective error bars. Significances between the groups depict difference in change over time from baseline and are shown in the upper part of the figure. * P < 0.05, ** P < 0.01, *** P < 0.001. Only significant differences are shown.
Figure 5
Pressure pain threshold (PPT) for the abdomen. The PPTs are given as mean Ϯ SEM. Mean significances within the groups depict difference in change over time from baseline and are shown adjacent to respective error bars. Significances between the groups depict difference in change over time from baseline and are shown in the upper part of the figure. * P = 0.05, ** P = 0.01, *** P = 0.001. Only significant differences are shown.
It is thus difficult to determine whether the pain relief experienced is due to specific efficacy of the treatment. There are also other factors that have to be considered, such as the natural history of the disease and the phenomenon of regression to the mean [33] . In fact, there has been little research conducted on the natural history of Dercum's disease, but case reports have suggested that the pain might be aggravated over time [34] . However, this is not clearly supported by the measurements in our control group (Tables 4-9 ). Regression of the mean is a measurement error and can be described as the tendency to score closer to the mean the second time a measurement is performed [35] .
Conclusion
In conclusion, our results suggest that liposuction might alleviate pain in patients with Dercum's disease for a period of at least 5 years. However, it is difficult to determine whether the effect is due to the actual surgery or to other factors. Furthermore, it is unclear how clinically significant the improvement is. Due to these unclearities and that not all patients experienced a clear pain relief after liposuction, future studies, including randomization and validated diagnostic criteria, are needed before liposuction can be considered the treatment of choice.
